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jfe via First cLs Mail addressed to: ftfe 




Dear Sir: 



PRELIMINARY AMENDMENT 



Please amend the above-referenced Application as follows: 



IN THE SPECIFICATION: 

On Page 1, prior to the heading "Description", please insert: 



Related Applications 

The present application is the U.S. National phase of PCT Application No. 
PCT/EP00/06407 filed July 6, 2000, which claims priority to German Pat. App. No. 199311 10.2 
filed July 6, 1999. 



REMARKS 

It is believed that the application is in condition for allowance. Should the Examiner 
determine that adverse action is necessary, it is requested that he contact Applicant's attorney, 
Randall B. Bateman, at (801) 478-0071 so that such matters may be resolved as expeditiously as 
possible. The Commissioner is hereby authorized to charge any amounts owing or to credit any 
overpayment to Account No. 50-0881. 

Respectfully Submitted, 

Morriss, Bateman, O'Bryant & Compagni, p.c. 




Randall B. Bateman 
Reg. No. 37,774 

5882 South 900 East, Suite 300 
Salt Lake City, Utah 84121 
Telephone (801) 566-6633 
e-mail: bateman@mboclaw.com 
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SIGNATURE OF APPLICANT, ATTORNEY OR AGENT 



Attorney for Applicant 



Randall B. Bateman, Registration No. 37,774 
Morriss, Bateman, O'Bryant & Compagni, P.C. 
5882 South 900 East, Suite 300 
Salt Lake City, Utah 84121 
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CERTIFICATE OF MAILING UNDER 37 CFR § 1.8 



I hereby certify that this correspondence is being deposited with the United States Postal Service 
as first class mail, on the date indicated below, in an envelope addresses to Assistant Commissioner 
for Patents, Washington, D.C. 20231 . 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 




In re application of: 

Serial Number: 

Filed: 

Group: 

Examiner: 

For: 



Wehl, Wolfgang, et al. 

(National Stage of PCT/EP00/06407) 

6 July 2000 



PRINT HEAD FOR SQUIRTING OUT A HOT LIQUID 
MEDIUM AND PROCESS FOR THE PRODUCTION OF 
A CONNECTION POINT COMPRISING METALLIC 
SOLDER 



Attorney Docket: 



2117.GLE.PT 



Assistant Commissioner for Patents 
Washington, D. C. 20231 



I hereby certify that this correspondence is being deposited with the United 
States Postal Service via Express Mail EL 902855130 US.addressed to: 
Assistant Commissioner for Patents, 



Washington, D.C. 20231 on 



.<!..... 



(Date of De] 




PRELIMINARY AMENDMENT 



Dear Sir: 



Prior to the calculation of the filing fee and examination of the above-referenced 
application, please enter the following amendment. 
In the claims: 



1 



Please cancel claims 1 through 33, without prejudice, and replace therefor, new 
claims 34 through 94 as set forth below. 

34. (new) A printhead for squirting out a hot liquid medium, comprising: 
a diaphragm that forms a wall of a medium chamber; 

an actuator in mechanical contact with the diaphragm comprising a piezoelement, the 

piezoelement being thermally decoupled from the diaphragm by a thermal barrier 
element; 

the thermal barrier element being an integral part of the piezoelement with the 

piezoelement having an active region and a passive region, the passive region 
forming the thermal barrier element; and 

the active region and the passive region having electrodes, the electrodes at a transition 
region between active and passive regions being interrupted. 

35. (new) The printhead of claim 34, wherein a cross-section in a region of 
the thermal barrier element is smaller than in a remaining region of the actuator. 

36. (new) The printhead of claim 34, wherein other walls of the medium 
chamber are formed by a substrate comprised of silicon. 

37. (new) The printhead of claim 34, wherein the actuator is surrounded by a 
housing. 



38. (new) The printhead of claim 37, wherein the actuator is configured as 
lamella and extends between the diaphragm and a wall of the housing which forms an 
abutment for the actuator. 

39. (new) The printhead of claim 37, wherein the housing is configured to be 
at least one of electrically insulating and poor heat conducting. 

40. (new) The printhead of claim 37, wherein the housing is formed from a 
material that has a heat expansion coefficient that is at least similar to the heat expansion 
coefficient of the material forming the actuator. 

41 . (new) The printhead of claim 34, wherein the diaphragm of the medium 
chamber forms a housing wall. 

42. (new) The printhead of claim 37, wherein the housing is thermally 
decoupled from the medium chamber. 

43. (new) The printhead of claim 37, wherein the housing has thermal 
expansion compensation. 



44. (new) The printhead of claim 34, further comprising at least one of a 
heating device and a cooling device for the medium. 

45. (new) The printhead of claim 44, wherein the at least one of a heating 
device and a cooling device cooperates with the medium chamber. 

46. (new) The printhead of one of claim 44, wherein the at least one of a 
heating device and a cooling device is surrounded by a casing. 

47. (new) The printhead of claim 46, wherein a wall of the casing is formed 
from a substrate. 

48. (new) The printhead of claim 47, wherein the casing is thermally 
decoupled from the substrate. 

49. (new) The printhead of claim 34, wherein the medium chamber has at 
least one squirting-out opening for the hot liquid medium. 

50. (new) The printhead of claim 34, further comprising a protective medium 
outlet for a protective medium that forms a protective atmosphere which prevents the 
oxidation of a hot liquid medium. 



5 L (new) The printhead of claim 37, further comprising a protective medium 
outlet is provided on the housing. 

52. (new) The printhead of claim 51, wherein the housing has an inlet for the 
protective medium. 

53. (new) The printhead of claim 52, wherein the inlet and the outlet are 
arranged in the housing such that the actuator lies at least in some areas in the flow path 
of the protective medium. 

54. (new) The printhead of claim 37, wherein at least one of thermal 
decoupling between the housing and the medium chamber and heat expansion 
compensation of the housing is realized through at least one slot in the housing. 

55. (new) The printhead of claim 54, wherein the at least one slot serves as a 
protective medium outlet. 

56. (new) The printhead of claim 54, wherein the at least one slot forms a 
comb structure on an edge of the housing. 

57. (new) The printhead of claim 37, further comprising a holding plate 
within the housing for the actuator, the holding plate lying approximately parallel to the 



diaphragm, the actuator engaging through the holding plate with the thermal barrier 
element facing the diaphragm. 

58. (new) The printhead of claim 57, wherein the retaining plate is retained 
and guided by guide slopes on the interior of the housing. 

59. (new) The printhead of claim 34, further comprising a temperature- 
detecting device coupled to the medium chamber for measuring the medium temperature. 

60. (new) The printhead of claim 34, wherein the medium comprises a 
metallic solder for apply the metallic solder to a soldered joint of at least one of a 
micromechanical and a microelectronic element. 

61. A printhead for squirting out a hot liquid medium, comprising: 
a membrane that forms a wall of a medium chamber; 

an actuator in mechanical contact with the membrane comprising a piezoelement, the 

piezoelement being thermally decoupled from the membrane by a thermal barrier 
element; 

the thermal barrier element being an integral component of the piezoelement with the 
piezoelement having an active region and a passive region, the passive region 
forming the thermal barrier element; and 

the active region having electrodes and the passive region configured without electrodes. 



62. (new) The printhead of claim 61, wherein a cross-section in a region of 
the thermal barrier element is smaller than in a remaining area of the actuator. 

63. (new) The printhead of claim 61, wherein other walls of the medium 
chamber are formed by a substrate comprised of silicon. 

64. (new) The printhead of claim 61, wherein the actuator is surrounded by a 
housing. 

65. (new) The printhead of claim 64, wherein the actuator is configured as 
lamella and extends between the diaphragm and a wall of the housing which forms an 
abutment for the actuator. 

66. (new) The printhead of claim 64, wherein the housing is configured to be 
at least one of electrically insulating and poor heat conducting. 

67. (new) The printhead of claim 64, wherein the housing is formed from a 
material that has a heat expansion coefficient that is at least similar to the heat expansion 
coefficient of the material forming the actuator. 

68. (new) The printhead of claim 61, wherein the diaphragm of the medium 
chamber forms a housing wall. 



69. (new) The printhead of claim 64, wherein the housing is thermally 
decoupled from the medium chamber. 

70. (new) The printhead of claim 64, wherein the housing has thermal 
expansion compensation. 

71. (new) The printhead of claim 61, further comprising at least one of a 
heating device and a cooling device for the medium. 

72. (new) The printhead of claim 71, wherein the at least one of a heating 
device and a cooling device cooperates with the medium chamber. 

73. (new) The printhead of one of claim 71, wherein the at least one of a 
heating device and a cooling device is surrounded by a casing. 

74. (new) The printhead of claim 73, wherein a wall of the casing is formed 
from a substrate. 

75. (new) The printhead of claim 74, wherein the casing is thermally 
decoupled from the substrate. 
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76. (new) The printhead of claim 61, wherein the medium chamber has at 
least one squirting-out opening for the hot liquid medium. 

77. (new) The printhead of claim 61, further comprising a protective medium 
outlet for a protective medium that forms a protective atmosphere which prevents the 
oxidation of a hot liquid medium. 

78. (new) The printhead of claim 64, further comprising a protective medium 
outlet is provided on the housing. 

79. (new) The printhead of claim 78, wherein the housing has an inlet for the 
protective medium. 

80. (new) The printhead of claim 79, wherein the inlet and the outlet are 
arranged in the housing such that the actuator lies at least in some areas in the flow path 
of the protective medium. 

81. (new) The printhead of claim 64, wherein at least one of thermal 
decoupling between the housing and the medium chamber and heat expansion 
compensation of the housing is realized through at least one slot in the housing. 



82. (new) The printhead of claim 81, wherein the at least one slot serves as a 
protective medium outlet. 

83. (new) The printhead of claim 81, wherein the at least one slot forms a 
comb structure on an edge of the housing. 

84. (new) The printhead of claim 64, further comprising a holding plate 
within the housing for the actuator, the holding plate lying approximately parallel to the 
diaphragm, the actuator engaging through the holding plate with the thermal barrier 
element facing the diaphragm. 

85. (new) The printhead of claim 84, wherein the retaining plate is retained 
and guided by guide slopes on the interior of the housing. 

86. (new) The printhead of claim 61, further comprising a temperature- 
detecting device coupled to the medium chamber for measuring the medium temperature. 

87. (new) The printhead of claim 61, wherein the medium comprises a 
metallic solder for apply the metallic solder to a soldered joint of at least one of a 
micromechanical and a microelectronic element. 

88. (new) A method for producing a joint, comprising: 
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providing a metallic solder; and 

squirting out the solder as a hot liquid solder by a device functioning according to the 
inkjet process to the contact point of the joint. 



89, (new) The method of claim 88, further comprising squirting out the 
solder from the device as at least one hot liquid drop. 

90. (new) The method of claim 88, further comprising providing an oxidation 
protection medium and surrounding the solder with the oxidation protection medium 

tfi during the squirting out. 

JE 91. (new) The method of claim 90, further comprising providing an inert gas 

as the oxidation protection medium. 



flj 92. (new) The method of claim 88, further comprising detecting and 

monitoring the temperature of the solder. 

93. (new) The method of claim 88, further comprising pulse driving the 
device to squirt out a plurality of drops. 

94. (new) The method of claim 88, further comprising applying the solder to 
at least one of a micromechanical and a microelectronic element. 

11 



REMARKS 

A clean copy of the claims is also submitted herewith. No new matter has been 
added. Applicant submits that the application is believed to be in condition for 
allowance. Should the Examiner believe that any adverse action is necessary, it is 
requested that he contact Frank W. Compagni at (801) 685-2302 so that such matter may 



be resolved as expeditiously as possible. 

Respectfully submitted this day of January, 2002. 
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Morriss, Bateman, O'Bryant & Compagni 


s ii 
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Frank W. (^mpagiii^^ 




Reg. No. 40,567 


S3' 

yj 


5882 South 900 East, Suite 300 




Salt Lake City, Utah 84121 


m 


Telephone: (801) 685-2302 




E-mail: compagni@mboclaw.com 
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34. (new) A printhead for squirting out a hot liquid medium, comprising: 
a diaphragm that forms a wall of a medium chamber; 

an actuator in mechanical contact with the diaphragm comprising a piezoelement, the 

piezoelement being thermally decoupled from the diaphragm by a thermal barrier 
element; 

the thermal barrier element being an integral part of the piezoelement with the 

piezoelement having an active region and a passive region, the passive region 
forming the thermal barrier element; and 

the active region and the passive region having electrodes, the electrodes at a transition 
region between active and passive regions being interrupted. 

35. (new) The printhead of claim 34, wherein a cross-section in a region of 
the thermal barrier element is smaller than in a remaining region of the actuator. 

36. (new) The printhead of claim 34, wherein other walls of the medium 
chamber are formed by a substrate comprised of silicon. 

37. (new) The printhead of claim 34, wherein the actuator is surrounded by a 
housing. 

38. (new) The printhead of claim 37, wherein the actuator is configured as 
lamella and extends between the diaphragm and a wall of the housing which forms an 
abutment for the actuator. 



39. (new) The printhead of claim 37, wherein the housing is configured to be 
at least one of electrically insulating and poor heat conducting. 

40. (new) The printhead of claim 37, wherein the housing is formed from a 
material that has a heat expansion coefficient that is at least similar to the heat expansion 
coefficient of the material forming the actuator. 

41. (new) The printhead of claim 34, wherein the diaphragm of the medium 
chamber forms a housing wall. 

42. (new) The printhead of claim 37, wherein the housing is thermally 
decoupled from the medium chamber. 

43. (new) The printhead of claim 37, wherein the housing has thermal 
expansion compensation. 

44. (new) The printhead of claim 34, further comprising at least one of a 
heating device and a cooling device for the medium. 

45. (new) The printhead of claim 44, wherein the at least one of a heating 
device and a cooling device cooperates with the medium chamber. 



46. (new) The printhead of one of claim 44, wherein the at least one of a 
heating device and a cooling device is surrounded by a casing. 

47. (new) The printhead of claim 46, wherein a wall of the casing is formed 
from a substrate. 

48. (new) The printhead of claim 47, wherein the casing is thermally 
decoupled from the substrate. 

49. (new) The printhead of claim 34, wherein the medium chamber has at 
least one squirting-out opening for the hot liquid medium. 

50. (new) The printhead of claim 34, further comprising a protective medium 
outlet for a protective medium that forms a protective atmosphere which prevents the 
oxidation of a hot liquid medium. 

5 1 . (new) The printhead of claim 37, further comprising a protective medium 
outlet is provided on the housing. 

52. (new) The printhead of claim 51, wherein the housing has an inlet for the 
protective medium. 



53. (new) The printhead of claim 52, wherein the inlet and the outlet are 
arranged in the housing such that the actuator lies at least in some areas in the flow path 
of the protective medium. 

54. (new) The printhead of claim 37, wherein at least one of thermal 
decoupling between the housing and the medium chamber and heat expansion 
compensation of the housing is realized through at least one slot in the housing. 

55. (new) The printhead of claim 54, wherein the at least one slot serves as a 
protective medium outlet. 

56. (new) The printhead of claim 54, wherein the at least one slot forms a 
comb structure on an edge of the housing. 

57. (new) The printhead of claim 37, further comprising a holding plate 
within the housing for the actuator, the holding plate lying approximately parallel to the 
diaphragm, the actuator engaging through the holding plate with the thermal barrier 
element facing the diaphragm. 

58. (new) The printhead of claim 57, wherein the retaining plate is retained 
and guided by guide slopes on the interior of the housing. 



59. (new) The printhead of claim 34, further comprising a temperature- 
detecting device coupled to the medium chamber for measuring the medium temperature. 

60. (new) The printhead of claim 34, wherein the medium comprises a 
metallic solder for apply the metallic solder to a soldered joint of at least one of a 
micromechanical and a microelectronic element. 



61. A printhead for squirting out a hot liquid medium, comprising: 
N; a membrane that forms a wall of a medium chamber; 

asss. 

H an actuator in mechanical contact with the membrane comprising a piezoelement, the 

yy 
o 

q piezoelement being thermally decoupled from the membrane by a thermal barrier 

element; 

the thermal barrier element being an integral component of the piezoelement with the 
piezoelement having an active region and a passive region, the passive region 
forming the thermal barrier element; and 
the active region having electrodes and the passive region configured without electrodes. 

62. (new) The printhead of claim 61, wherein a cross-section in a region of 
the thermal barrier element is smaller than in a remaining area of the actuator. 



: s ?. 
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63. (new) The printhead of claim 61, wherein other walls of the medium 
chamber are formed by a substrate comprised of silicon. 



64. (new) The printhead of claim 61, wherein the actuator is surrounded by a 
housing. 

65. (new) The printhead of claim 64, wherein the actuator is configured as 
lamella and extends between the diaphragm and a wall of the housing which forms an 
abutment for the actuator. 

66. (new) The printhead of claim 64, wherein the housing is configured to be 
at least one of electrically insulating and poor heat conducting. 

67. (new) The printhead of claim 64, wherein the housing is formed from a 
material that has a heat expansion coefficient that is at least similar to the heat expansion 
coefficient of the material forming the actuator. 

68. (new) The printhead of claim 61, wherein the diaphragm of the medium 
chamber forms a housing wall. 

69. (new) The printhead of claim 64, wherein the housing is thermally 
decoupled from the medium chamber. 

70. (new) The printhead of claim 64, wherein the housing has thermal 
expansion compensation. 



71. (new) The printhead of claim 61, further comprising at least one of a 
heating device and a cooling device for the medium. 

72. (new) The printhead of claim 71, wherein the at least one of a heating 
device and a cooling device cooperates with the medium chamber. 

73. (new) The printhead of one of claim 71, wherein the at least one of a 
heating device and a cooling device is surrounded by a casing. 

74. (new) The printhead of claim 73, wherein a wall of the casing is formed 
from a substrate. 

75. (new) The printhead of claim 74, wherein the casing is thermally 
decoupled from the substrate. 

76. (new) The printhead of claim 61, wherein the medium chamber has at 
least one squirting-out opening for the hot liquid medium. 

77. (new) The printhead of claim 61, further comprising a protective medium 
outlet for a protective medium that forms a protective atmosphere which prevents the 
oxidation of a hot liquid medium. 



78. (new) The printhead of claim 64, further comprising a protective medium 
outlet is provided on the housing. 

79. (new) The printhead of claim 78, wherein the housing has an inlet for the 
protective medium. 

80. (new) The printhead of claim 79, wherein the inlet and the outlet are 
arranged in the housing such that the actuator lies at least in some areas in the flow path 
of the protective medium. 

81. (new) The printhead of claim 64, wherein at least one of thermal 
decoupling between the housing and the medium chamber and heat expansion 
compensation of the housing is realized through at least one slot in the housing. 

82. (new) The printhead of claim 81, wherein the at least one slot serves as a 
protective medium outlet. 

83. (new) The printhead of claim 81, wherein the at least one slot forms a 
comb structure on an edge of the housing. 

84. (new) The printhead of claim 64, further comprising a holding plate 
within the housing for the actuator, the holding plate lying approximately parallel to the 



diaphragm, the actuator engaging through the holding plate with the thermal barrier 
element facing the diaphragm. 

85. (new) The printhead of claim 84, wherein the retaining plate is retained 
and guided by guide slopes on the interior of the housing. 

86. (new) The printhead of claim 61, further comprising a temperature- 
detecting device coupled to the medium chamber for measuring the medium temperature. 

O 

ys 87. (new) The printhead of claim 61, wherein the medium comprises a 

0 

O metallic solder for apply the metallic solder to a soldered joint of at least one of a 
micromechanical and a microelectronic element. 

is 

£§ 88. (new) A method for producing a joint, comprising: 

Q 

PJ providing a metallic solder; and 

squirting out the solder as a hot liquid solder by a device functioning according to the 
inkjet process to the contact point of the joint. 



89. (new) The method of claim 88, further comprising squirting out the 
solder from the device as at least one hot liquid drop. 



90. (new) The method of claim 88, further comprising providing an oxidation 
protection medium and surrounding the solder with the oxidation protection medium 
during the squirting out. 

9 1 . (new) The method of claim 90, further comprising providing an inert gas 
as the oxidation protection medium. 

92. (new) The method of claim 88, further comprising detecting and 
monitoring the temperature of the solder. 

93. (new) The method of claim 88, further comprising pulse driving the 
device to squirt out a plurality of drops. 

94. (new) The method of claim 88, further comprising applying the solder to 
at least one of a micromechanical and a microelectronic element. 
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Description 



The invention relates to a printing head for 
squirting out a hot liquid medium according to the 
preamble of Claim 1, and to a process for the 
production of a connection point comprising metallic 
solder according to the preamble of claim 33. The 
invention furthermore relates to the use of a printing 
head which works according to the ink- jet printing 
principle . 

The prior art discloses a so-called 
piezolamellar printing head which is used in an ink-jet 
printer {Chip 8/94; pages 104-112; "Nur nicht 
kleckern") . The printing head has a medium chamber for 
the liquid ink. One wall of the medium chamber is 
designed as a deflectable diaphragm actuated by an 
actuator. In the known printing head, the said actuator 
is designed as a piezoelement which is realized in 
strip form or as a lamella. The application of an 
electric voltage causes the piezoelement to change its 
spatial configuration, as a result of which the 
diaphragm is deflected. This deflection of the 
diaphragm reduces the volume of the medium chamber, as 
a result of which a drop of ink is squirted out from a 
nozzle or outlet opening. In the known printing head, 
the ink is initially present in the form of a solid wax 
crayon which is heated prior to printing, as a result 
of which the wax crayon assumes liquid form, so that 
the liquid wax ink can be introduced into the medium 
chamber, from which it is then sprayed out. In order to 
liquefy the ink wax, it is heated to approximately 100 
to 150°C. The area of application of this known 
printing head is restricted to ink-jet printing, in 
which the liquid ink is applied to a paper or a film. 
In particular, it is not possible to squirt out very 
hot liquid media, whose temperature may exceed 150°C, 
u^-i-n-g-th^e---kn^w.^ — 



The object of the invention, therefore, is to 
extend the range of use of printing heads. 
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This object is achieved by means of a printing 
head exhibiting the features of claim 1. The printing 
head according to the invention serves for squirting 
out a hot liquid medium. It has a medium chamber, one 
of whose walls is formed by a diaphragm. The diaphragm 
is in mechanical contact with an actuator, so that the 
diaphragm can be deflected or driven. The invention 
provides for the actuator to be thermally decoupled 
from the diaphragm. In other words, the actuator is 
technically isolated from the diaphragm in respect of 
heat and/or cold. This makes it possible for the hot 
liquid medium to be heated in the medium chamber to a 
temperature which is necessary to heat a metal or a 
metal alloy, in particular metallic solder, in such a 
way that . it is present in liquid form in the medium 
chamber. In a particularly advantageous manner, this 
hot liquid metallic alloy can then be squirted out by 
the printing head according to the invention, in order 
to apply so-called solder deposits to substrates and/or 
components. By virtue of the fact that the actuator is 
thermally decoupled from the diaphragm, it can be kept 
at a working temperature at which its physical 
properties essentially do not change. In other words - 
although there may be very hot liquid metal present in 
the medium chamber - the diaphragm can be driven or 
deflected very accurately and precisely by the 
actuator, thereby enabling very hot liquid media of all 
kinds, in particular highly heated liquid metals, to be 
squirted out precisely with an accurately defined drop 
size or volume. 

The invention's printing head working according 
to the ink- jet printing principle thus enables solder 
deposits, which are also referred to as bumps, to be 
applied to components or substrates appertaining to 
microelectronics and/or micromechanics or microsystem 
technology. Time-consuming and expensive processes have 
been necessary for this purpose heretofore in order to 
produce these solder deposits. Solder deposits are 
required for example in so-called tape automated 



bonding (TAB) , chip size packaging (CSP) and also in 
so-called flip-chip connection (FC) , as connecting 
elements between structural parts and substrate. In 
most cases the solder deposits are present in the form 
of bumps, eutectic tin-lead or tin-gold alloys, in 
particular, being used as the solder. The printing head 
according to the invention now enables these solder 
deposits to be applied to the components or substrates 
rapidly, precisely and cost-effectively, in order to 
produce the solder deposits which are required for the 
abovementioned connection techniques . 

One development of the invention provides for 
the thermal decoupling to be performed by a thermal 
barrier element situated between diaphragm and 
actuator. This thermal barrier element conducts heat 
poorly, as a result of which the heat present at the 
diaphragm is essentially not forwarded to the actuator. 
The thermal barrier element is thus an element which 
interrupts, or at the very least reduces to a very 
great extent, the heat transport from the diaphragm to 
the actuator. 

A preferred exemplary embodiment is 
distinguished by the fact that the actuator is a 
piezoelement . This piezoelement enables the diaphragm 
to be driven, that is to say deflected, very 
accurately, so that a defined drop volume can be 
ejected from the medium chamber. The fact that the 
actuator, that is to say the piezoelement, is thermally 
decoupled from the diaphragm prevents the piezoelement 
from being bought to a temperature lying above the so- 
called piezoelectric Curie temperature. Above this 
temperature, the lattice structure of piezoelectric 
compounds is cubic. Below this temperature, the 
structure is distorted, as a result of which distances 
between the positive and negative charges are shifted, 
giving rise to an electric dipole moment. In other 

-woirds^ p"i~e^"0"e"±exrt"ric compounds exh~±b±t tiredbr 

piezoelectric effect only when the lattice structure is 
distorted, so that spontaneous polarization occurs. 



Above the piezoelectric Curie temperature, when the 
lattic structure is cubic, piezoelectricity does not 
occur in these piezoelectric compounds because an 
electric dipole moment is not present. Since the 
printing head according to the invention is equipped 
with a thermally decoupled piezoelement , the hot liquid 
medium can thus be present in the medium chamber at a 
temperature lying above the piezoelectric Curie 
temperature of the piezomaterial , but the functioning 
of the piezoelement is not thereby impaired. The 
thermal decoupling is preferably designed in such a way 
that the piezoelement is heated to at most from 30 to 
50% of the Curie temperature of its piezomaterial, 
since creeping depolarization can already occur at 
higher temperatures . 

A particularly preferred exemplary embodiment 
provides for the thermal barrier element to be an 
integral part of the piezoelement. It is not necessary, 
therefore, to use a separate structural part for the 
thermal barrier element. The actuator for the diaphragm 
can thus be produced easily and cost-effectively. 

Particular preference is attached to a 
piezoelement which has an active and a passive region 
forming the thermal barrier element, the active region 
having electrodes for driving the piezoelement and the 
passive region being designed without electrodes, or 
the electrodes being present in the passive region but 
not being electrically conductively connected to the 
electrodes of the active region. Since the passive 
region of the piezoelement has no effect for the 
driving or deflection of the diaphragm, an increase in 
the temperature of the passive region has no influence 
on the functioning of the active region. In this case, 
the length of the passive region is dimensioned in such 
a way that - proceeding from that end of the actuator 
which is in mechanical contact with the diaphragm - a 

-tempex-aiiiire gradient xn the difec'tibn towards the" 

active region occurs in such a way that the temperature 
at the junction between passive region and active 
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region is far less than the piezoelectric Curie 
temperature of the piezomaterial used. 

One development of the invention provides for 
the cross section in the region of the thermal barrier 
element to be smaller than in the remaining region of 
the actuator. Consequently , there is a small contact 
area between diaphragm and thermal barrier element, 
which contact area reduces the heat transfer. As an 
alternative or in addition, it may be provided that the 
thermal barrier element tapers in the direction towards 
the diaphragm-side end . 

In a preferred embodiment, the remaining walls 
of the medium chamber are formed by a substrate 
comprising silicon. It may be provided that the 
substrate is designed like a well, in which case 
micromechanical structures forming a medium guide 
within the medium chamber may be present on the inner 
side of the substrate. Moreover, the micromechanical 
structures may form a squirting-out opening for the hot 
liquid medium. The opening in the well-like substrate 
is thus covered by the diaphragm. A diaphragm made of 
borosilicate glass or made of silicon is preferably 
used. The diaphragm is preferably fixed on the 
substrate edge surrounding the opening in the well. If 
the diaphragm is present as borosilicate glass, it is 
preferably fixed to the substrate by anodic bonding. If 
the diaphragm is present as a silicon diaphragm, the 
latter is preferably fixed to the substrate by so- 
called silicon fusion bonding. In general, it holds 
that the material for the diaphragm is heat-resistant 
in such a way that the hot medium present in the medium 
chamber does not damage the diaphragm. 

One exemplary embodiment provides for the 
actuator to be surrounded by a housing. The actuator is 
thus screened from external influences. 

In a preferred embodiment, the actuator is 
d-e-sl-gned~as — a — lamella. TE is EKus present as a long 
thin strip whose cross section is significantly smaller 
than its length. The actuator or lamella extends 
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between the diaphragm and a housing wall forming an 
abutment for the actuator. The actuator is thus 
supported by one of its ends on the diaphragm and is 
held by its other end in the housing wall, so that 
force can be transmitted from the actuator to the 
diaphragm. When the actuator is driven electrically, it 
expands and contracts, as a result of which its length 
changes. This change in length thus brings about the 
deflection of the diaphragm, since its end remote from 
the diaphragm is fixed to the housing wall. It is 
preferably provided that the housing wall has a cutout 
in which the actuator engages with its end remote from 
the diaphragm. It is preferably provided in this case 
that the actuator extends through this cutout, so that 
a contact-making element for the electrodes can be 
arranged on its free end situated outside the housing. 
Consequently, the actuator can be connected to an 
electrical drive arrangement outside the housing, in 
which case, for the purpose of contact-making or 
electrically conductive connection, a flexible or rigid 
printed circuit board is provided which can be plugged 
onto the contact-making element of the actuator and has 
a corresponding mating contact-making element. 

The housing for the actuator on the one hand 
forms a protective barrier for the actuator, and on the 
other hand serves as a supporting body for the 
actuator, which is fixed by one of its ends to the 
housing, that is to say to the supporting body. 

Particular preference is attached to an 
exemplary embodiment in which the housing, that is to 
say, the supporting body, is designed to be 
electrically insulating and/or to conduct heat poorly. 
For this purpose, it may be provided that the 
supporting body is composed of ceramic, preferably 
zirconium oxide. 

A preferred embodiment provides for the 
— di-aptrra-gm— of — t±re~TnBii±m^^ the 
housing for the actuator. In other words: the 
supporting body or the housing is fitted on the medium 



chamber, to be precise in such a way that an opening in 
the housing is covered by the diaphragm. The housing is 
thus designed to be open on one side and is closed off 
by the diaphragm only when it is mounted on the medium 
chamber. For the connection between medium chamber and 
housing, thermal decoupling is provided between the two 
structural parts, so that the heat present at the 
diaphragm cannot penetrate via the housing to the 
actuator. The thermal decoupling between medium chamber 
or diaphragm and the housing is preferably formed by 
reducing the contact area between the edges of the 
housing and the diaphragm. By way of example, it is 
possible in this case for at least one slot to be 
introduced in the housing wall, which slot is 
preferably designed to be open at the edge. If a 
plurality of slots are introduced into the housing, a 
comb-like structure is preferably present. The contact 
area between housing and diaphragm is reduced by the 
slot(s), as a result of which there is little heat 
transfer from the diaphragm or medium chamber to the 
housing. In a particularly advantageous manner, the 
slots provided in the housing also form thermal 
expansion compensation. In other words, when the 
housing is heated, it does not warp, as a result of 
which the actuator is held stably and positionally 
accurately with regard to its position relative to the 
diaphragm. 

For the connection between diaphragm and 
housing, provision is preferably made for the side of 
the diaphragm which faces the housing to be gold- 
plated, at least in regions, by vapour deposition and 
sputtering. The supporting body is then preferably 
designed to be gold-plated with a gold-containing 
thick-film firing paste at its connection point 
provided with the diaphragm, so that the connection 
between diaphragm and supporting body can be produced 
~rn — a — simple rrraTrrrer by means "of a gold ^TXdTruj or 
soldering connection. 
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, One exemplary embodiment provides for the 
printing head to have a heating device for the medium. 
As an alternative or in addition it may be provided 
that the medium is already supplied to the printing 
head in hot and liquid form. The heating device is 
preferably designed as a light source, the light source 
preferably being a halogen lamp. As an alternative or 
in addition, the heating device may be formed by 
heating resistors. These heating resistors may be 
fitted on the substrate forming the medium chamber. The 
heating resistors are preferably applied to the 
substrate using thin-film technology, the heating 
resistors preferably comprising hafnium diboride. The 
heating resistors can be applied to the substrate by 
sputtering and be shaped by lithographic patterning. 

As an alternative or in addition to the heating 
device, a cooling device may be provided, which cools 
in particular the substrate, that is to say parts of 
the medium chamber. The cooling device is preferably 
formed by a so-called heat sink, which is preferably 
designed as a Peltier element. 

In a preferred embodiment, the heating device 
and/or cooling device is assigned to the medium 
chamber, so that, by means of the heating device, the 
medium present in the medium chamber can be heated and 
thus kept in a liquid form. In this case - if this 
should be necessary - the cooling device can cool the 
substrate, that is to say parts of the medium chamber. 

According to a preferred exemplary embodiment, 
the heating and/or cooling device is surrounded by a 
casing which is preferably fixed to that wall of the 
medium chamber which is opposite the diaphragm. In a 
preferred embodiment, this wall of the medium chamber 
forms one wall of the casing for the heating and/or 
cooling device. The casing is preferably designed to be 
reflective on the inside and, in a preferred 

Pfflbod-iTr^r.*-, -i g rompospri o f :„Tii£tal-^a^d-/Qr- ar-ce r-am-i-c-. 

One development of the invention provides for 
the casing to be thermally decoupled from the 
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substrate, that is to say from the medium chamber. As 
an alternative or in addition, the casing may be 
designed to have poor thermal conductivity. For the 
thermal decoupling, a layer that conducts heat poorly 
may be provided between the casing and the substrate. 

One exemplary embodiment provides for the 
medium chamber have at least one, in particular a 
plurality of squirting-out openings for the hot liquid 
medium. Preferably, each squirting-out opening is 
assigned one actuator in each case. Preferably, it is 
also provided that the medium chamber is present as 
individual partial medium chambers which are separated 
from one another, each partial medium chamber having at 
least one squirting-out opening. Consequently, the 
squirting-out openings or the partial medium chamber 
assigned to each squirting-out opening can be activated 
independently of one another by means of the 
corresponding actuator . 

A particularly preferred exemplary embodiment 
is distinguished by a protective medium outlet opening, 
which is preferably directed in such a way that a 
protective medium emerges in the direction of the 
squirting-out opening or the squirting-out openings. 
The protective medium prevents oxidation of the hot 
liquid medium when the latter emerges from the 
squirting-out opening, so that it cannot be oxidized by 
the atmospheric oxygen - until the drop impinges on the 
connection point to be wetted. An inert gas, in 
particular nitrogen gas, is preferably used as the 
protective medium. 

One development of the invention provides for 
the protective medium outlet opening to be designed on 
the housing of the actuator. 

In a preferred embodiment, the housing of the 
actuator has an inlet opening for the protective 
medium. The protective medium can thus be introduced 
—i-n-to the housing--, fiow — through — the — la-t-t-er — and — then- 
emerge at the protective medium outlet opening, in 
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order to surround the hot liquid medium drop as 
protective atmosphere . 

Particular preference is attached to an 
exemplary embodiment in which the inlet opening and the 
outlet opening for the protective medium are arranged 
in the housing in such a way that the actuator is 
situated, at least in regions, in the flow path of the 
protective medium. In particular, it may be provided in 
this case that when it enters the housing, the 
protective medium is at a temperature such that it can 
serve as a cooling medium for the actuator. The 
protective medium thus performs a dual function in 
that, on the one hand, it cools the actuator and, on 
the other hand, it is used as oxidation protection 
medium for the hot liquid medium. 

Particular preference is attached to an 
embodiment in which the slot serving for the thermal 
decoupling between the actuator housing and the medium 
chamber serves as the protective medium outlet opening. 
In this refinement, it is advantageous that the 
protective medium which cools the actuator can also 
concomitantly cool the housing in the region near the 
diaphragm, and thus the medium chamber. Heat is thus 
dissipated from this region, as a result of which the 
housing is essentially not heated. 

One development of the invention provides for a 
holding plate to be provided for the actuator - within 
the housing - the said holding plate lying 
approximately parallel to the diaphragm of the medium 
chamber. The holding plate is preferably at a short 
distance from the diaphragm and has, approximately in 
the centre, a perforation through which the actuator 
engages with its thermal barrier element. Consequently, 
the actuator is fixed within the housing - as mentioned 
above - on one side on the housing wall and, with its 
other end facing the diaphragm, is held securely in 

po-si-tion— by-^t^^^^l-d4n-g--pia j te^ 

The holding plate is preferably held and guided 
by means of guide bevels designed on the inside of the 
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housing. Therefore, the holding plate need not 
necessarily be fixedly connected to the housing for the 
actuator. Rather , the bevels on the inside of the 
housing are designed in such a way that the holding 
plate is fixed in a defined position. In particular, it 
is provided that the holding plate is composed of the 
same material as the housing for the actuator. 

One development of the invention provides for 
the medium chamber to be assigned a temperature- 
detecting device for the medium temperature. The 
temperature-detecting device is preferably realized by 
means of a temperature sensor which detects the 
temperature of the liquid medium or at least of a wall 
of the medium chamber. The temperature sensor is 
preferably realized as a thermoelement or as a thin- 
film sensor and is preferably fitted to the diaphragm 
outside the medium chamber. 

Further refinements emerge from the subclaims. 

The object is also achieved by means of a 
process for the production of a connection point 
comprising metallic solder which has the features of 
Claim 33. The invention provides for the solder to be 
squirted as hot liquid solder onto the contact-making 
point of the connection point by means of an apparatus 
which works according to the ink-jet printing 
principle. According to the process of the invention, 
it is possible in a particularly simple manner to apply 
metallic solder to a contact-making point of a 
connection point which is provided for connection 
techniques or connection points in the field of 
microelectronics and microsystem technology or 
micromechanics . 

In particular, a printing head described above 
is used for carrying out the process according to the 
invention. 

One development of the process provides for the 

s old ex — to — be — squir-ted — ©u-t — a s — at— lea s t — on~e hot. liquid 

drop from the apparatus. 
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As it is squirted out, the solder is preferably 
surrounded by an oxidation protection medium, 
preferably inert gas. This prevents the hot liquid 
solder from oxidizing before reaching the contact- 
making point. 

In a preferred exemplary embodiment, the 
temperature of the hot liquid medium present in the 
apparatus is detected and monitored. The squirting-out 
temperature of the medium can thus be set optimally, so 
that high-quality connection points can be produced. 

In a preferred embodiment, pulsed driving 
serving for squirting out a plurality of drops is 
provided. If the drops are ejected from a squirting-out 
opening, it is thus possible for a plurality of drops 
to be ejected in succession. It goes without saying 
that it is also possible for the hot liquid medium to 
be squirted out from a plurality of outlet openings, in 
which case it is also possible, by way of example, for 
the partial medium chambers of the individual 
squirting-out openings to be driven in a manner 
staggered over time. 

In particular, all soft solders from electronic 
fabrication, which may have a temperature of between 
400 and 600°C when being squirted out, may be used as 
the hot liquid medium. It goes without saying that 
lead-free solders can also be used. The process 
according to the invention makes it possible to squirt 
out individual drops with about 4 pi to 2 nl . 
Consequently, the connection points produced according 
to the process can be provided with an accurately 
defined quantity of solder. 

Further refinements emerge from the subclaims. 

The invention is explained in more detail below 
using exemplary embodiments with reference to the 
drawing, in which: 

Figure 1 shows a printing head in sectional side view, 

JELLgnxjB__2 sJxqwjs a plan vJLBJW__o_f the pxjLnt±ag__-hea d o± 

Figure 1, 

Figure 3 shows a rear view of the printing head, and 
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Figure 4 shows a holding and adjusting plate of the 
printing head. 

Figure 1 diagrammatically shows in sectional 
side view a printing head 1, which works according to 
the ink-jet printing principle known per se, in other 
words which can be used to apply a liquid medium from a 
nozzle 2, also referred to as squirting-out opening, 
preferably in the form of drops, to a substrate which 
is to be coated and is at a distance from the nozzle 2. 

The printing head 1 illustrated in Figure 1 is 
constructed modularly and comprises a plurality of 
modules. In the exemplary embodiment shown, the 
printing head comprises three modules, namely a so- 
called printing chip 3, an actuator module 4 and a 
heating and/or cooling module 5, which is referred to 
merely as a heating module below. These three modules 
are separate structural parts which form the printing 
head 1 by being assembled or connected to one another. 
Under particular preconditions, the heating module 5 
can be dispensed with. However, reference will not be 
made to this until later. 

The base body 6 of the printing chip 3 is 
preferably produced from a semiconductor base material, 
for example silicon. The base body 6, which is also 
referred to as the substrate, forms, together with a 
diaphragm 7, at least one medium chamber 8. The walls 
of the medium chamber 8 are thus formed by the 
substrate 6 and the diaphragm 7, in which case the 
substrate 6 or the base body - seen in cross section - 
is designed essentially like a well and the diaphragm 7 
covers the opening in the well-like base body 6. 
Micromechanical structures may be provided on the inner 
side 9 of the substrate 6, the said structures serving 
for guiding the medium within the medium chamber 8 and 
for forming a plurality of partial medium chambers. A 
further micromechanical structure forms the nozzle 2 of 
_ t h e .^mexi jjiim^chuambex^B^ 

The diaphragm 7 is preferably produced from 
borosilicate glass and is connected to the well edges 
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of the base body 6 preferably by anodic bonding. As an 
alternative, it is also possible for the diaphragm 7 to 
be produced from silicon and be connected to the well 
edges of the base body 6 by so-called silicon fusion 
bonding- The diaphragm 7 is thus fixedly connected to 
the base body 6. 

The actuator module 4, also referred to as the 
actuating device, has a housing 10 surrounding an 
actuator 11. The housing 10 is preferably produced from 
a material which is not electrically conductive and has 
poor thermal conductivity. A material is preferably 
chosen for the housing 10 which has approximately the 
same thermal expansion coefficient as the material for 
the actuator 11. For this purpose, by way of example, a 
ceramic, in particular zirconium oxide, may be 
provided. The housing 10 does not have a housing wall 
on its side which faces the diaphragm 7. The opening in 
the housing 10 is thus covered by the diaphragm 7. For 
the connection of printing chip 3 and actuator module 
4, it is provided that the diaphragm 7 is gold-plated 
at least in the region of its contact points with the 
housing 10. The said gold-plating may be applied by 
vapour deposition or sputtering, for example. If 
appropriate, at least one so-called adhesion promoter 
layer may be provided between the gold-plating and the 
diaphragm. The edges 13 (also see Figure 2) surrounding 
the opening 12 in the housing 10 are preferably 
likewise designed to be gold-plated. This can be 
realized for example using a gold-containing thick-film 
firing paste. In order to produce the actual connection 

14, provision is then made for producing a gold welding 
or soldering connection between printing chip 3 and 
actuator module 4 . 

As mentioned above, the housing 10 surrounds 
the actuator 11. The actuator 11 is designed as a 
lamella, that is to say as a long thin strip which is 

pxe-fexably rectangular i n c rousLa s„e_c JdLoiu Ixl th_e_ 

exemplary embodiment, the actuator 11 is a piezoelement 

15, which extends from the rear side 16 of the housing 
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as far as the diaphragm 7 and touches the latter. The 
rear wall 16 of the housing 10 has a perforation 17, 
through which one end 18 of the actuator 11 engages. 
With its end 18, the actuator 11 is fixed within the 
perforation 17, preferably by an adhesive bond. The 
housing 10 thus forms a supporting element or a 
supporting body 19 for the actuator 11- Preferably, an 
extension 20 is additionally provided at the end 18 of 
the actuator 11, the said extension protruding from the 
housing 10, that is to say projecting beyond the rear 
wall 16 of the housing. On its side facing the 
observer, the extension 20 is provided with an 
electrical contact-making means 21. It is provided with 
a further contact-making means, moreover, on the side 
of the extension 20 which is remote from the observer, 
that is to say the side which is not visible parallel 
to the plane of the drawing. Each contact-making means 
is electrically conductively connected to an activation 
electrode for the actuator, only the activation 
electrode 22 which faces the observer being visible. 
The other activation electrode is parallel to the 
activation electrode 22 on that side of the lamellar 
actuator which runs parallel to the plane of the 
drawing . 

At its other end 23, the actuator 11 is 
mechanically operatively connected to the diaphragm 7 . 
It can be seen from Figure 1 that the actuator 11 or 
the piezoelement 15 is equipped with activation 
electrodes only in regions. Consequently, the actuator 
11 forms an active part 24 and a passive part 25. On 
the passive part 25, either no activation electrodes 
are provided or else the activation electrodes are 
interrupted at the transition region between active 
part and passive part, that is to say are not connected 
electrically to one another. In the exemplary 
embodiment, the active part 24 of the actuator 11 is 
_rissjL^n£d^aJ — the_passixa 
part 25. Proceeding from the rear wall 16, the actuator 
11 extends in the direction towards the diaphragm 7 
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with its active part 24, which is adjoined by its 
passive part 25, the end 23 of which bears on the 
diaphragm 7. The passive part 25 forms a thermal 
barrier element 26, so that heat present at the 
diaphragm 7 has no influence on the piezoelectrically 
active part 24 of the actuator 11. Consequently, the 
actuator 11 or its active part 24 is thermally 
decoupled from the diaphragm 7. The thermal barrier 
element 26 is understood to be an element which 
conducts heat poorly or is at least designed in such a 
way that the heat present at the diaphragm 7 is 
forwarded to the active part 24 in a diminished or 
reduced state. In order to further enhance the poor 
heat conduction between diaphragm 7 and actuator 11, it 
is preferably provided that the passive part 25 of the 
actuator 11 tapers in the direction of the diaphragm 7. 
Consequently, there is a small area of contact between 
diaphragm 7 and the actuator or the thermal barrier 
element 26, which means that there is a small heat 
transfer area. 

In the present exemplary embodiment, the 
actuator is thus of integral design, in other words the 
active and passive parts 24 and 25 are produced 
integrally from the same material. 

The housing 10 is preferably thermally 
decoupled from the diaphragm 7. Little heat flows, 
therefore, from the diaphragm 7 to the housing 10, so 
that the heat present at the diaphragm 7 essentially 
cannot penetrate as far as the rear wall 16 of the 
housing, the said rear wall serving as an abutment W 
for the actuator 11. Consequently, the end 18 of the 
actuator is also thermally decoupled from the 
diaphragm, any thermal influence of the active part 24 
thereby being kept minor. For the thermal decoupling 
between diaphragm 7 and housing 10, it is provided, in 
particular, that the edges 13 of the housing 7 have 
sma 1-1— a r-e-a s — o f — eonfea et — w it-h — the — di-aph r-agm —7-. — Fe-r — t-hi s- 
purpose, provision is made, in particular, of a 
plurality of slots 27 which are designed to be open at 
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the edge. The slots and the intervening tines 28 thus 
form a comb structure 29 (Figure 2), so that there are 
relatively small heat transfer areas 30 between 
diaphragm 7 and housing 10. The slots 27 preferably 
extend on the lower housing wall 31 and the upper 
housing wall 32 of the housing 10. It goes without 
saying that such slots or comb structures can also be 
provided on the lateral housing walls 33, on the edges 
thereof. Proceeding from the edges 13, the slots 27 
extend approximately at right angles to the diaphragm. 
The slots 27 extend only in regions in the housing 
walls, that is to say not as far as the rear wall 16 of 
the housing. The supporting body 19 is thus preferably 
formed in such a way that the slots 27 or comb 
structures, the perforation 17 and the protective 
medium inlet opening 4 3 can be introduced from the 
front or rear, that is to say there is not need to form 
lateral openings. As a result, the supporting body 18 
can be produced in a very simple manner in a casting 
mould. 

By virtue of the fact that the .slots 27 are 
provided, the housing 10 also has thermal expansion 
compensation. Although there is thermal decoupling 
between diaphragm 7 and housing 10 as a result of the 
small contact areas 30, the housing 10 is nonetheless 
heated in its region adjacent to the diaphragm. In 
order to reduce or avoid "warpage" of the housing 10 or 
of the supporting body 19, the slots 27 serve for 
thermal expansion compensation. It can be seen from 
Figure 1, in particular, that the housing walls 31, 32 
or 33 taper towards the edges 13. 

The heating module 5 is provided on the base 
body 6 on its side which is remote from the diaphragm 
7, the heating module 5 thus faces the well bottom 34 
of the base body 6. The heating module 5 comprises a 
heater source 35, which may be formed by a light source 
3-6-, — A — ha log en — -lamp — i s — prefe r-ably- — u se d— f-o r — the — light: 
source 36. A metallic medium present in the medium 
chamber 8 can be heated by means of the heat source 35 
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in such a way that the said medium is present in the 
liquid phase, so that it can be ejected from the 
printing chip 3 through the nozzle 2. In order to 
increase the efficiency of the heat source 35, it is 
preferably provided that the heat source 35 is 
surrounded by a casing 37 closed off by the well bottom 
34. A reflective coating 38 is applied on the inside of 
the casing 37, and reflects the thermal radiation - 
emanating from the heat source 35 - in the direction of 
the well bottom 34. Consequently, the heat generated by 
the heat source 35 is essentially unable to escape from 
the casing 37. It may also be provided that the casing 
37 is produced from a material that conducts heat 
poorly. For the arrangement of the three modules 3, 4, 
5, a series arrangement is chosen, so that the heat 
source 35 cannot act directly on the actuator 11. 

The following method of operation is afforded 
for the printing head 1: 

According to the invention, the printing head 1 
is used for squirting out a hot liquid medium which is 
present such that it is hot and in the liquid phase at 
least in the medium chamber 8 . The activation of the 
actuator 11 causes the diaphragm 7 to be deflected or 
flexed in the direction of the well bottom 34, so that 
the volume of the medium chamber 8 is reduced. As a 
result, a portion of the hot liquid medium proportional 
to the reduction in the volume of the medium chamber 8 
is forced out of the nozzle 2. Subsequent deactivation 
of the actuator 11 causes the diaphragm to be withdrawn 
again from the well bottom 34, as a result of which the 
hot liquid medium is ejected as a drop from the nozzle 
2. The deflection of the diaphragm 7 is achieved by 
electrical activation of the piezoelement 15. The 
application of an electric voltage to the activation 
electrodes causes the lamellar piezoelement 15 to 
change its spatial configuration. Depending on the 

polarit y wi th whi ch the acti vation ele c t r o d e s_ a re .. 

driven, the active part 24 of the piezoelements is 
lengthened or shortened. Consequently, the diaphragm 
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can be flexed or bent out or bulged in the direction of 
the well bottom 34. It is thus clear that the volume in 
the medium chamber 8 changes as a result of the driving 
of the actuator 11 or of the piezoelement 15. By means 
of pulsed driving of the actuator 11, it is thus 
possible for a plurality of drops of the hot liquid 
medium to be ejected in succession from the nozzle 2. 
Depending on the driving frequency, these drops can be 
squirted out from the nozzle 2 very rapidly one after 
the other. The extent to which the diaphragm 7 is 
deflected can be influenced depending on the energy 
input at the activation electrodes. 

In order to keep the volume of the individually 
ejected drops essentially constant, it is important for 
the actuator 11 to be kept free of external influences, 
for example heat or mechanical deformation, so that the 
diaphragm 7 covers the same path each time it is driven 
or deflected. In order to keep the inflow of heat to 
the actuator 11 as small as possible, the thermal 
barrier element 2 6 is provided - as mentioned above. In 
order to reduce mechanical influences on the 
piezoelement 15, it is the case - as mentioned above 
that the housing 10 or the supporting body 19 of the 
actuator 11 is also thermally decoupled from the 
diaphragm 7 and additionally has the thermal expansion 
compensation described above. 

In order to increase the mechanical stability 
and alignment of the actuators 11, a so-called 
adjusting and holding plate 39, which is designed to be 
essentially C-shaped in cross section, is provided 
within the housing 10. The adjusting and holding plate, 
which is designated simply as holding plate 39 below f 
is guided by bevels 4 0 on the inside of the housing and 
is thus aligned exactly. With the free ends of the 
limbs of the C, the holding plate 39 bears on that side 
of the diaphragm 7 which faces the housing 10. The 

holding pAatJL_ha_s__a^^ 4J - — approximately-. 

centrally in the base of the C, through which 
perforation the actuator 11 engages by its thermal 
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barrier element 26. The perforation 41 is dimensioned 
in such a way that although the actuator 11 is guided, 
it is not adversely affected when its length changes as 
a result of the driving of the activation electrodes. 
The holding plate 39 is preferably produced from the 
same material as the housing 10. 

In a preferred exemplary embodiment, the 
printing head 1 has a protective medium outlet opening 
42, which is oriented in such a way that a protective 
medium emerging from the protective medium outlet 
opening flows in the direction of the orifice of the 
nozzle 2. The protective medium used is preferably a 
protective medium that prevents oxidation of the hot 
liquid medium emerging from the nozzle 2, in particular 
inert gas. Nitrogen gas, for example, may be used as 
the inert gas. By virtue of the fact that the drop or 
drops emerging from- the nozzle 2 is or are surrounded 
by a protective atmosphere comprising the protective 
medium, the drop is prevented from being oxidized 
during its "f light ". This is important particularly 
when, from the medium chamber 8, as the hot liquid 
medium, a metallic solder is intended to be applied to 
a substrate having a connection point. The housing 10 
preferably has a protective medium inlet opening 43, 
which may be present on the rear wall 16 of the 
housing, for example. The protective medium can be 
introduced into the housing 10 through the protective 
medium inlet opening 43, and then flows through the 
housing 10 before emerging at the protective medium 
outlet opening 42 in the manner described above. It is 
provided, in particular, that the protective medium 
inlet opening 43 and the protective medium outlet 
opening 42 are arranged on the housing in such a way 
that the actuator 11, in particular the active part 24 
thereof, is situated in the flow path of the protective 
medium. Consequently, the protective medium also serves 

as— a~c oolinjg. -medium _£o r —the a.ctuat.ox^ A„_jslot__-2 j?__of —Jbite^ 

comb structure 29 is particularly preferably chosen as 
the protective medium outlet opening. The flow path for 
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the protective medium within the housing 10 is 
particularly preferably chosen in such a way that the 
protective medium enters at the protective medium inlet 
opening 43 on the rear wall 16 of the housing, flows 
around the actuator 11, passes through the perforation 
41 on the holding plate, flows through slots 44 on the 
limbs of the C of the holding plate and thus arrives at 
the protective medium outlet opening 42. In this case, 
the slots 4 4 are preferably congruent with the slots 27 
on the housing 10. It goes without saying that a flow 
path would also be conceivable in which the limbs of 
the holding plate 39 are designed in such a way that a 
flow duct which opens in the protective medium outlet 
opening 42 is present between the guide bevels 40 
between holding plate 39 and housing 10. 

In the present exemplary embodiment, the medium 
present in the medium chamber 8, in particular metallic 
solder, has been heated by means of the heat source 35. 
It would also be conceivable for the hot liquid medium 
that is to be squirted out from the medium chamber 8 to 
be supplied to the medium chamber 8 such that it is 
already in the liquid phase. If appropriate, the 
heating module 5 can then be dispensed with. 

In order to be able to squirt out very cold 
liquid media as well using the printing head 1, it is 
also possible to provide a cooling device assigned to 
the well bottom 34, for example. For this purpose, a 
heat sink, in particular a Peltier element, may be 
provided. It goes without saying that it is also 
possible to provide both a heat source or heating 
device and a cooling device or heat sink. 

Instead of the light source 36, heating 
resistors (not illustrated) may also be provided for 
the heat source 35, the said heating resistors being 
present on the exterior of the medium chamber 8 on the 
well bottom 34. These heating resistors are preferably 
app M-e d^o— tiie-"3Xtb^s1:xB."t'e"or ~tA~e^^serTj>^y~ 6~^Tng~th i n - 
film technology. The heating resistors preferably 
comprise hafnium diboride. 
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In order to detect and monitor the medium 
temperature of the medium present in the medium chamber 
8, at least one temperature-detecting element 45 may be 
provided, in particular on the diaphragm 7, which 
element is present between diaphragm 7 and holding 
plate 39, that is to say outside the medium chamber 8. 

The at least one temperature-detecting device 
4 5 may be designed for example as a temperature sensor 
formed by a thermoelement or by a thin-film sensor. 

A process for the production of a connection 
point comprising metallic solder is described below. 
The connection point has a contact-making point which 
is also referred to as a contact pad and is intended to 
be wetted with metallic solder. For this purpose, the 
above-described printing head 1 is preferably used for 
squirting out the liquid solder, which may be a tin- 
lead or tin-gold alloy, for example. It goes without 
saying that, in particular, all soft solders known from 
electronic fabrication can be used. The hot liquid 
solder present in the medium chamber 8 is applied to 
the contact-making point of the connection point in the 
form of drops from the nozzle 2 as a result of the 
deflection of the diaphragm 7. For this purpose, the 
hot liquid solder present in the medium chamber 8 is 
squirted out as at least one hot liquid drop from the 
printing head from the nozzle 2. In order to prevent 
oxidation of the hot liquid solder drop, the drop is 
surrounded by an oxidation protection medium ejected 
from the protective medium outlet opening 2. In order 
to ensure optimum wetting of the contact-making point 
of the connection point, the solder temperature within 
the medium chamber 8 is monitored by means of the 
temperature-detecting device 45. Consequently, 
depending on the temperature detected, the heat source 
35 can be driven, for example switched on or off, in 
such a way that the solder is kept at the desired 
Jtempexature^^^^ _ 
the temperature within the medium chamber is kept at 



- 24 - 

approximately 400 to 600°C for squirting out the hot 
liquid solder. 

Consequently, it is possible in a particular 
simple and cost-effective manner to simplify connection 
techniques appertaining to microelectronics, 

micromechanics or microsystems technology. In 
particular, tape automated bonding (TAB) , chip size 
packaging (CSP) and, in particular, so-called flip chip 
connection (FC) can be simplified. In these connection 
techniques, so-called bumps (solder deposits) are 
required as connection elements between components and 
substrate. These solder deposits mainly in the form of 
bumps can be produced particularly simply using the 
above-described printing head according to the 
invention. 

In order to produce these solder deposits, it 
is also possible for a plurality of drops to be ejected 
from the nozzle 2 one after the other. The pulsed 
driving of the actuator 11 - as mentioned above - is 
provided for this purpose, so that the diaphragm 7 can 
be rapidly moved back and forth, as a result of which 
the individual drops can be ejected from the nozzle 2. 

It goes without saying that it is possible to 
use a printing head 1 which has a plurality of nozzles 
2, in which case it is provided, in particular, that 
the nozzles are arranged like a matrix. By way of 
example, a plurality of nozzles 2 may lie in series one 
behind the other, that is to say in planes parallel to 
the plane of the drawing. If a multi-nozzle printing 
head 1 is used, then a plurality of partial medium 
chambers are preferably provided, each partial medium 
chamber preferably being assigned at least one nozzle 
2. Each partial medium chamber preferably has a 
separate diaphragm 7, each diaphragm being driven by a 
respective actuator 11. In other words: all of the 
nozzles or all of the diaphragms can be driven 
-i-nd-ep en-d-ent-l-y —of — on e— another — b y — me^ns — of- ~a1r~~I~e a~s~t one 
actuator 11 in each case. If a multi-nozzle printing 
head 1 is used, an arrangement of the actuators as is 
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illustrated in Figure 2 is preferred. The actuators 11 
lie in series next to one another, so that their 
extensions 20 project next to one another from the rear 
wall 16 of the housing. In this case, it is provided 
that the contact-making means 21 are provided on each 
side of the extension 20, so that contact can be made 
with the activation electrodes outside the housing. As 
is evident from Figure 3, the extensions 20 of two 
adjacent actuators 11 are offset with respect to one 
another, thereby creating sufficient space for mating 
contact-making means so that the contact-making means 
21 can be electrically conductively connected to the 
mating contact-making means. Figure 3 also reveals that 
a plurality of protective medium inlet openings 43 can 
be provided on the rear wall 16 of the housing. In 
particular, it may be provided that one medium inlet 
opening 43 is provided for two actuators 11. It would 
be conceivable for there to be partitions running 
within the housing 10 between lower and upper housing 
walls 31 and 32, the said partitions spatially 
separating the individual actuators 11 from one 
another . 

Figure 4 illustrates the holding plate 39 in 
plan view. It is evident that a plurality of slots 44 
may be provided on both limbs of the C-shaped holding 
plate. The slots 44 are introduced into the limbs of 
the holding plate 39 in such a way that they are 
preferably congruent with the slots 27 on the housing 
10, as is illustrated in Figure 1. It is not absolutely 
necessary to form the slots 27 on the housing on both 
the lower and upper housing walls 31 and 32. In 
particular, it suffices if the slots 27 are present on 
the lower housing wall 31, in order to form the 
protective medium outlet openings 42. 

A process for the production of a printing head 
1 which works according to the ink-jet printing 
_p.rincip l^e —a nd — oompr-i ses —at — lea s-t- — the — p r-in t-i n g — ch i p- — 3 - 
and the actuator module 4 is also described below. The 
heating module 5 may be additionally provided. During 
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production, it is provided that the actuator 11 and the 
actuator module 4 are connected to one another in a 
thermally decoupled manner. The printing chip 3 is 
produced, in particular, as a silicon substrate having 
micromechanical structures, the micromechanical 
structures being provided for guiding the medium and 
for forming a squirting-out opening or nozzle 2. The 
silicon substrate is preferably designed in the form of 
a well, the micromechanical structures for guiding the 
medium being situated on the inner side of the silicon 
substrate in the form of a well. The nozzle is 
accordingly designed as an opening from the inner side 
to the outer side of the silicon substrate. The opening 
in the well-like silicon substrate is covered by the 
diaphragm 7 to form the medium chamber 8. In this case, 
the diaphragm 7 is preferably connected to the silicon 
substrate by anodic bonding, if the diaphragm 7 is 
composed of borosilicate glass. If the diaphragm is 
produced from silicon, the connection between diaphragm 
7 and substrate or base body 6 is effected by so-called 
silicon fusion bonding. During the assembly or 
connection of the actuator module 4 and printing chip 
3, it is preferably the case that firstly the actuator 
11 is inserted into the supporting body 19 or housing 
10 that holds it, the supporting body then being 
connected to the diaphragm, to be precise on the side 
opposite the well opening in the base body 6- For 
connection between diaphragm 7 and supporting body 19, 
it is provided that the diaphragm 7 is gold-plated by 
vapour deposition and sputtering, in particular in the 
region assigned to the later connection point between 
diaphragm 7 and housing 10. The edges 13 of the 
supporting body are preferably likewise gold-plated 
prior to connection to the diaphragm, a thick-film 
firing paste having gold being provided for this 
purpose . The connection between supporting body 19 and 
-diaphr^agfa—7— i-s -pref exably— ef -f 'e c t ed"by"a~ "gol d~~we lding"" or 
soldering connection. 



- 27 - 

The supporting body 19 or the housing 10 is 
produced from zirconium oxide preferably in a so-called 
hot casting process, in which case the perforations 17, 
slots 27 and guide bevels 40 can be concomitantly 
formed during the casting operation. As an alternative, 
treatment or processing is also possible after the 
sintering of the ceramic in order to form the slots 27, 
guide bevels 4 0 and protective medium inlet opening 43. 

In order to mount the actuator 11 in the 
correct position within the supporting body, the 
abovementioned adjusting and holding plate 39 is used, 
which is emplaced after the adhesive bonding of the 
actuator 11 in the perforation 17 over the thermal 
barrier element 26, so that the thermal barrier element 
engages through the perforation 41 on the holding plate 
39. As the holding plate 39 is being inserted, it is 
held positionally • accurately and securely in the 
supporting body 19 or housing 10 by means of the guide 
bevels 40. In this case, the actuator is held between 
its abutment W on the rear wall 64 of the housing and 
the holding plate 39 in such a way that its free end 23 
can act on the diaphragm, so that the latter can be 
deflected. 

A further production step consists in assigning 
a temperature sensor to the diaphragm, the said sensor 
being designed as a thermoelement or thin-film sensor. 
The temperature sensor is preferably applied to the 
diaphragm prior to the emplacement of the actuator 
module 4 . The temperature sensor can be produced or 
formed as a discrete component or using thin-film 
technology by means of vapour deposition or sputtering 
and by means of lithographic patterning. 

Heating resistors can be applied using thin- 
film technology on the silicon substrate, in particular 
on the exterior of the well bottom 34. As resistor 
material, hafnium diboride is preferably applied by 

spattering and farmed" by~ subsequent lithographic 

patterning . 
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With the above-described printing head 1 which 
works according to the ink-jet printing principle, it 
is advantageously possible to extend the area of 
application of such ink-jet printing heads, so that 
connection points in microelectronics or micrornechanics 
and microsystems technology can be produced in a simple 
manner. By way of example, the use of a conventional 
ink- jet printing head would also be conceivable, 
provided that the said ink-jet printing head has an 
actuator element that is insensitive to heat. However, 
the above-described printing head having an actuator 
element that is thermally decoupled from the medium 
chamber is preferably used. 



Claims 
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1. Printing head for squirting out a hot liquid 
medium, having a diaphragm forming one wall of a medium 

5 chamber, and having an actuator in mechanical contact 
with the diaphragm, characterized in that the actuator 
(11) is thermally decoupled from the diaphragm (7) . 

2. Printing head according to Claim 1, 
characterized in that the thermal decoupling is 

10 performed by a thermal barrier element (26) situated 
between diaphragm (7) and actuator (11) . 

3 . Printing head according to one of the 
preceding claims, characterized in that the actuator 

p (11) is a piezoelement (15) . 

15 4. Printing head according to one of the 

preceding claims, characterized in that the thermal 
barrier element (26) is an integral part of the 
piezoelement (15) . 

5. Printing head according to one of the 
m 2 0 preceding claims, characterized in that the 



O piezoelement (15) has an active and a passive region 

J5J (24; 25) forming the thermal barrier element (16) , in 

fy that the active region (24) of the piezoelement (15) 

has electrodes (22) , and in that the passive region 
25 (25) is designed without electrodes. 

6. Printing head according to one of the 
preceding claims, characterized in that the cross 
section in the region of the thermal barrier element 
(26) is smaller than in the remaining region of the 

3 0 actuator (11) . 

7. Printing head according to one of the 
preceding claims, characterized in that the remaining 
walls of the medium chamber (8) are formed by a 
substrate (6) comprising silicon. 

35 8. Printing head according to one of the 

preceding claims, characterized in that the actuator 



(11) is surrounded by~aTio^sillg~t^rO")~- — — 

9. Printing head according to one of the 
preceding claims, characterized in that the actuator 



(11) is designed as a lamella and extends between the 
diaphragm (7) and a housing wall (16) forming an 
abutment (W) for the actuator 11. 

10. Printing head according to one of the 
preceding claims , characterized in that the housing 
(10) is designed to be electrically insulating and/or 
to conduct heat poorly. 

11. Printing head according to one of the 
preceding claims , characterized in that the housing 

(10) is produced from a material having a thermal 
expansion coefficient that is similar, preferably 
identical, to that of the piezoceramic of the actuator 

(11) . 

12. Printing head according to one of the 
preceding claims, characterized in that the diaphragm 

(7) of the medium chamber (8) forms a housing wall. 

13. Printing head according to one of the 
preceding claims, characterized in that the housing 
(10) is thermally decoupled from the medium chamber 

(8) . 

14 . Printing head according to one of the 
preceding claims, characterized in that the housing 
(10) has thermal expansion compensation. 

15. Printing head according to one of the 
preceding claims, characterized by a heating device 
(35) for the medium. 

16. Printing head according to one of the 
preceding claims, characterized by a cooling device. 

17. Printing head according to one of the 
preceding claims, characterized in that the heating 
device (35) and/or cooling device is assigned to the 
medium chamber (8) . 

18. Printing head according to one of the 
preceding claims, characterized in that the heating 
and/or cooling device is surrounded by a casing (37). 

19. Printing head according to one of the 
-preceding — claims., charActerized_in_Jbhat._jDne_wall_ (_3 4) _ 

of the casing (37) is formed by the substrate (6). 
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20. Printing head according to one of the 
preceding claims, characterized in that the casing (37) 
is thermally decoupled from the substrate (6) . 

21. Printing head according to one of the 
preceding claims, characterized in that the medium 
chamber (8) has at least one, in particular a plurality 
of squirting-out openings (2) for the hot liquid 
medium. 

22 . Printing head according to one of the 
preceding claims , characterized by a protective medium 
outlet opening (42) for a protective medium which 
prevents oxidation of the hot liquid medium and forms a 
protective atmosphere . 

23. Printing head according to one of the 
preceding claims, characterized in that that the 
protective medium outlet opening (42) is provided on 
the housing (10) of the actuator (11) . 

24. Printing head according to one of the 
preceding claims, characterized in that the housing 

(10) has an inlet opening (43) for the protective 
medium. 

25. Printing head according to one of the 
preceding claims, characterized in that the inlet 
opening (43) and the outlet opening (42) are arranged 
in the housing (10) in such a way that the actuator 

(11) is situated, at least in regions, in the flow path 
of the protective medium, 

26. Printing head according to one of the 
preceding claims, characterized in that the thermal 
decoupling between housing (10) and medium chamber 
and/or the thermal expansion compensation of the 
housing is realized by one or a plurality of slots (27) 
in the housing. 

27. Printing head according to one of the 
preceding claims, characterized in that at least one 
slot (27) serves as the protective medium outlet 
open ing — (-4 2- )~> — _ 

28. Printing head according to one of the 
preceding claims, characterized in that the slots (27) 
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form a comb structure (29) on the edge (13) of the 
housing. 

29. Printing head according to one of the 
preceding claims, characterized in that a holding plate 

(39) for the actuator (11) is provided within the 
housing (10) , the said holding plate lying 
approximately parallel to the diaphragm (8) , and in 
that the actuator (11) engages through the holding 
plate (39) with its thermal barrier element (26) facing 
the diaphragm (8) . 

30. Printing head according to one of the 
preceding claims, characterized in that the holding 
plate (39) is held and guided by means of guide bevels 

(40) designed on the inside of the housing. 

31. Printing head according to one of the 
preceding claims, characterized in that the medium 
chamber (8) is assigned a temperature -detecting device 
(45) for the medium temperature. 

32. Use of a printing head which works according 
to the ink- jet printing principle and has a thermally 
decoupled actuator, in particular according to one or 
more of Claims 1 to 31, for applying metallic solder to 
a soldering connection point, in particular of a 
micromechanical and/or microelectronic element. 

33. Process for the production of a connection 
point comprising metallic solder, characterized in that 
the solder is squirted as hot liquid solder onto the 
contact -making point of the connection point by means 
of an apparatus which works according to the ink- jet 
printing principle. 

34. Process according to claim 33, characterized 
in that the solder is squirted out as at least one hot 
liquid drop from the apparatus (printing head 1) . 

35. Process according to either of claims 33 and 
34, characterized in that the solder is surrounded by 
an oxidation protection medium, preferably inert gas, 
as it is squirted out. 

36. Process according to one of claims 33 to 35, 
characterized in that the temperature of the hot liquid 
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medium present in the apparatus (printing head 1) is 
detected and monitored. 

37. Process according to one of claims 33 to 36, 
characterized in that the apparatus {printing head 1) 
is subjected to pulsed driving serving for squirting 
out a plurality of drops. 



Abstract 



The invention relates to a printing head for 
squirting out a hot liquid medium, having a diaphragm 
forming one wall of a medium chamber, and having an 
actuator in mechanical contact with the diaphragm, 
which is distinguished by the fact that the actuator 
(11) is thermally decoupled from the diaphragm (7) . 



(Figure 1) 
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German Language Declaration 



Als rtachstehsjnd benanmer Efftnder erkliire ich hiermit an Hides Sum 

daB meia Wohnsitz, meiae Postanschrift und mcine 
StaatsangehofLgkeitden im nachstehcndcn nach meiiwsm Namen 
aufgefthrtcn Angaben entsprechcn, dafl ich nacfc bestem Wjssen der 
♦irspruugtfcbe, crste und aHeiRigc fcrfrnder (fails nachstehead uurein 
..Warr&ansegeben Ut) oder ein urspriinglicher. erster uiid Miterfinder 
(fallsi£chstchend mchrcre Namcn aufgeftihrt siud) to Gegeasjandes 
bin, ftd&n diescr Antrag gestelit wird und fur den ein Patent f«lr die 
Erfinggbg mit fclgcndemTitcl beantragt wird: 
.5.5 

^ — — 

M 5 



tereip&schreibung hier beigefligt isi. sei denn <in diesem Fallc 
Zutreifodes bitte anfcreuzen), diese £rfmdung 

O Ls- wqr< ^ angerneldet am mmmmm ^^^^ mmmMm ^. 
Lj unier der US-Anmeldenummer oder unter der 
I p Interaationalen Anmcldcnummcr im Rahroen des Vertrags 
~Lf ttber die Zusammcnarbeit auf dcra Gcbiet des fcaeutwesens 
tJ (PCT) 

IB „,._.., und am 

^ abgesdert (falls 

zutreffend), 

5*3 5 

' ;h bestatige hiermit, dafi ich den Inhalt der oben angegebenen 
--rttttuanmeldLrtg, emschtieBlich def Acsprtihe» die cncvtucll durcn 
einen obea erwshmea Zusatzanrrag sbgesndert wurde, durchgesehen 
und verstanden habe. 



As a below named inventor, i hereby declare thai; 

My residence, post office address and citizenship are as stated next to my 
name, 

I believe I am the original first and sole inventor (if only one name is listed 
below) or an original, first and join? inventor (if plural names are listed 
below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled 

PRINT HEAD FOR SQUIRTING OUT A HOT LIQUID MEDIUM AND 
PROCESS FOR THE PRODUCTION OF A CONNECTION POINT 
COMPRISING METAU-IC SOLDER 

the specification of which is attached hereto unless the following box is 
chcclwd: 



a was filed on -Inly 6,2000 

as United States Application Number or PCT International 
Application Number 
PCr/EPQO/06407 and was amended On 
Januarys 2003 (if applicable). 



i hereby state that i have reviewed and understand the contents of the 
above identified specification, including the claims, as amended by any 
amendment referred to above. 



Ich erkenne meiae Pflicht 2ur Offenbarung jeglicher faformationen an, 
die zur Prufuag der Patentfthigtei? in Einklang mit Titcl 37> Code of 
Federal Regulations, § 1 .56 von Belang sind, 



1 acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37. Code of Federal Regulations, § l .56. 
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German Language Declaration 



ich beanspruche hiermii austaadische Priorita^vorteUe gemii6 Title 35, 
US-Code, § 1 19 <aM<fr bzw. 3 365 (b) alier umen aufgefuhrtcn 
Austoadsanmeldungen fur Patente oder Erfrnderurkunden, oder & 365(a) 
aller PCT intemationalen Anmeldungen, welch* wenigstens ein Und 
ausscf den Vcreinigten $taaten vim Amerika beneancn, und habe 
aachstchend durch anfcrcnzfiu $3mtliche Auslands- anmeidungen fifr 
Pateme b?w, Brfmderurkunden oder PCT iniernationalc Anmeidungen 
angegeben, dcren Anmeidtfag dem der Anmeldung, far wclcte Priority 
beansorucht wird, vorangeht- 

Prior Foreign Applications 
(Friihere auslandische Anmeidungen) 



IO03IU0.2 



(Number) 
(Numnw) 



Germany 



(Country) 
(Und) 



I hereby claim foreign priority under Title 35, United States Code, § I 1 9(a)- 
(d) or $ 365(b) of any foreign application**) for patent or in vector's 
certificate, or § 3$5<a) of any PCT International application which 
designated at least one country other ttein the Uniwd States, listed below and 
have also identified below, by checking the box* any foreign application for 
patent or in vector's certificate, or PCT International application having a 
filing date before that of the application on which priority is claimed. 



6 July 1009 



{Day/Month/Ycar Filed) 
(Tag/M0ft*W*W tot Anmeldung) 



Priority Not Claimed 
^qritatnichtbeanspwcht 

D 



Number) 



(Coqntfy) 
(Land) 



fch bek&pruche hiermit Prioritatsvortctte unter Title 35. US-Code, § 
n9(e£peT US'Hilfsamneldungcn wie mtcn aufgezSblr 

§ = ! 



(Applifcajoo No.) 



(Filing Date) 
(Aaroddetay) 



(Day/Month/Year FiUd) 
(Tag/Monat/Jahr der AnmeUfong) 



I hereby claim the benefit under Title 35, United States Code, § J 10(e) of 
any United States provisional applications) listed below. 



(Applic^iQANo.) 



(ftUnfDaift) 
(Anmeldetag) 



Ich bffi&pmche hiermit die mir unter Title 35, US-Code, 1 1 20 
zusteBfeaden VorteUe alter unten an%efuhiten US-Patentanmeldungen 
tew. Wo5{c) aller PCT inteinationalen Anmeidungen, welche die 
Verci|§ten Staaten von Amerika benennen. und erkenne, insofem der 
Gegcnsfcnd cines jeden frunereu Ansprucbs dieser Patentanmeldttng 
nichi Werner US-Patentanmeldung, bzw. PCT internationafen 
AnmfMng in in einer gemafc dem ©men Absatz von Title 35, US- 
Codei §112 vorgeschriebenen Art und Weise offeabart wurdc, meine 
°flicht zur Offcnbarung jegHcher Information an, die zur Prttfung der 
atemfthigkeit in Einklang mit Title 37, Code of Federal Regulations, § 
1,56 von Bclang sind und die im Zeitraura *wi$c&en dem Anmeldetag 
der frohcren Patentanmcldung und dem national oder im Rahmeo des 
Vertrags Uber die Zusanuncnarbcit auf dem Oebiet des Patentwesen 
(PCT) gultigen intemaUonalcn Anmeldctags octant geworden sind. 



1 hereby claim the benefit under Title 35, United States Code. $ 120 of any 
United States applications), or § 365(c) of any PCT Intemaaooal 
application designating the United Stales, listed telow and . insofar as the 
subject matter of each of the claims of this application is pot disclosed in the 
prior United States or PCT International application in me manner provided 
by the first paragraph of Title 35, United States Code, § U2J acknowledge 
the duty to disclose information which is material to pateutabiiity as defined 
in Title 37, Cade of Federal Regulations, § \ 56 which became available 
between the filing date of the prior application and the national or PCT 
Internationa] filing date of this application. 



(Application No.) 
(Afctenzeichen) 



(Application No.) 
(Aktenzeichen) 



(Filing Bate) 
(Anmeldetag) 



(Filing Date) 
(Anmeldetag) 



Ich erklare hiermit, dafi alle in der vorfiegendeu Erkliirung von mir 
gemachten Angaben nach bestem Wj$sen und Gewissen der Wahrheit 
entsptecheq, und feraer da8 ich diese eidesstattliehe Erklarung in 
KenntnU dessen ablege. dafi wissentlich und vorsaulich falsche 
Angaben oder dergjeichen gem56 § 1 001. Title IS des US-Code suafbar 
sind und mit Geldswafe und/oder GeRmgnis bestraft werden kfinnen und 
daS derartige wissentlich und vors^tzlich falsche Angaben die 
Rechtswirksamkeit der vorliegenden Patentanmeldung odereines 
aufgrund deren eneitten Pate&tes gefiUuden konnen. 



(Status) (patented, pending, abandoned) 
(Status) (paienikn, schwebend, aufgegeben) 



(Status) (patcpicd. pendiag, abaqdoned) 

{Siatu*> (patentioit, xdKwtb£fi(3, toifet&beti} 

I Jwreby declare that ail siatemertts made herein of my own knowledge are 
true and that all siatemems made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment* or both, under Section 1001 of Title 18 of the United States 
Code and that Such willful false statements may jeopardize the validity of 
the applicarion or any patent issued thereon. 
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German Language Declaration 

veRTHETUNGS VOLMACHT: A!s fcenannter Krfmter fceauftroge ich 
hiermic den (die) fiachstenend aufgefuhrten Pateutenwalt 
(Paterttart walte) ua^oder Vertreter roit der Verfoigung der vortiegenden 
Patetttaftmeldung sowie mil der AbwicjcJuug &Her damit vert>undenen 
Angelegenheiten vw dew US-PateBt- m<\ M&rkenamt; fNamein) wt 
totgbwa lonsnmmHn) (wftisten) 



Postanschrift: 



Tetefoaiscbe Ai^kiiufte: /Atom* w?d r«f$fcwwm/KffrJ 



Vor|5fi& Zuname <ks einiigen oder eraten 6rtfn<tere Wolfgang Way 


fi*H nmt of $ote at fir* inventor Wolfgang Wcftl 


—I'll :■- — ' 

rtt£?55h4ft <tes Erfmders Pawn 


Inventor'* si$n»tw* Daw 


Wofij|jj]tz Heilbrarun Germany 


<tesi4e«ce HeUbro»% Germany _ 

DEC 




Citiztnship Germany 


Po^chrift Adolt*Alier«Stra6e 3 
□ GERMANY 


Post Office Address Adotf-Altor-Siraflc 31 

D-74OS0 Heilbronn 
GERMANY 


VoiMii Zm,«m* 4« iwajotft Miceefinders /falls zutraffcntf) Ji>r£ Wild jj^T^jC 


name of second joint inv*n»r. if any Jorg Wild 


UflifiSchmtlte 2Wtf iten E fmdersjj tfawm 




Wohnsitz Hcilbonn, Germany 


R**i4*jwe Jg^Nw Germany jT) kdC^ 


SfcatosngKhongkeU Gcrnway 


Citizenship Gtrwaaj 


posianschrift Nussackerstraft* l&tt 
D-740SI HEILBONN 
Gennany 


Post Ofe Addrta Nu##cter$tra&> 
Gernwiy 



POWER OF ATTORNEY: As a named inventor, I herehy appoint the 
following attorney(s} and/or agentfs) to prosecate ihts application and 
transact aW business in the Patent ;*nd Tradernafk Office connected 
therewith: tfist ntotM and registration number) 

Q) Me K. Morriss 3^2$ Randall B. Bateman, 

David W, O'Brysnr Frank W. Compagrd JlLSfiZ- 

Monam bateman, o^hyant g compagn i 

jggj South 3B East, gl ~ ~~ 
Salt Lake City, Utah MU1 



Send Correspondent to 

Randal! B, Bateraan <S0J) 685-2302 



Direct Telephone Calls to fame and telephone number) 



